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INTRODUCTION 

The relation of energy input on grinding to the production of fresh 
broken surface has received much study (1); and, consequently, comparative 
increases in surface areas of ground particles have been measured by a variety 
of methods. However, the absolute external or geometric surface area of coal 
particles, and the corresponding shape factor, have significance in other 
processes than grinding. For instance, in processes where coal is chemically 
reacted at high rates, the rate of reaction is partially controlled by the 
geometric area ( 2 ) .  The area of any sample of coal of which the density and 
sieve size distribution are known can be readily calculated from a knowledge 
of a shape factor k defined by 

(geometric surface area) = k (volume) (1) 

where p is a sieve size. A r i s  ( 3 )  has shown that the ratio of volume to 
geometric area, that is b/k, is a characteristic dimension for use in studies 
of the reaction of solids in beds. Hawksley ( 4 )  considers that the drag 
diameter, which is approximately equal to the diameter of the sphere having 
the same surface area as the particle, is the most fundamental dimension for 
use in hydrodynamic problems involving particles. The drag diameter is re- 
lated to the sieve size by 

d = 6 2  
k 

The above remarks indicate that a knowledge of the values of k for 
coals is likely to be of interest in many industrial processes. Examples of 
such processes where the shape factor is of actual or potential importance are: 

(a) the combustion of pulverized coal in central power stations, 
(b) the gasification of pulverized coal, 
(c) the production of low temperature coke and coal chemicals in 

(d) the firing of open cycle turbines with pulverized coal, 
(e) the hydrogenation and chemical processing of coal suspensions, and 
(f) the transport of coal in fluid suspensions. 

fluidized bed processes, 

REVIEW OF PREVIOUS WORK 

A s  is well known, coal has a large internal surface area due t o  a 
very fine micropore system within the particle (5). Many methods of measure- 
ment of surface area determine this internal area in addition to the exterior 
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s u r f a c e  and, therefore ,  a r e  not  s u i t a b l e  f o r  t h e  measurement of shape f a c t o r s .  
The f l u i d  permeabi l i ty  technique, u t i l i z i n g  a modif ied Kozeny equat ion,  does 
not  i n  genera l  measure i n t e r n a l  s u r f a c e  a r e a  ( 6 ) .  T h i s  i s  SO because t h e  
i n t e r n a l  pore system o f  c o a l  has  a n e g l i g i b l e  p e r m e a b i l i t y  compared t o  t h e  
flow between c o a l  p a r t i c l e s  i n  a packed bed. Romer ( 7 )  used an  a i r  permea- 
b i l i t y  method t o  measure the  geometr ic  s u r f a c e  a r e a  of  ground c o a l  f r a c t i o n s .  
He d i d  no t ,  however, make a v a i l a b l e  enough informat ion  t o  enable  shape f a c t o r s  
t o  be c a l c u l a t e d .  Skinner  ( 8 )  poin ted  ou t  t h a t  t h e  hydrodynamic a r e a  a s  
measured by permeabi l i ty  methods i s  of primary importance in t h e  combustion 
of  pu lver ized  f u e l s  and recommended t h a t  i t  should be used t o  measure shape 
f a c t o r s  i n s t e a d  of assuming a c o n s t a n t  shape f a c t o r  w i t h  s i z e .  

APPARATUS AND EXPERIHENTAL TECHNIQUE 

Grindinz of Coal--The c o a l  under test  w a s  ground i n  a s t a n d a r d  Hardgrove 
t e s t  machine accord ing  t o  t h e  A.S.T.M. s t a n d a r d  method ( 9 ) .  The ground 
product  was c a r e f u l l y  s ieved  i n t o  f r a c t i o n s  and t h e  f r a c t i o n s  weighed. 
These f r a c t i o n s  were then  used f o r  t h e  d e n s i t y  and s u r f a c e  a r e a  measurements 
descr ibed  below. 

, Densi ty  o f  Coai Fract ions--To measure t h e  s u r f a c e  area by t h e  permeabi l i ty  
method, i t  was necessary t o  know t h e  apparent  d e n s i t y  of t h e  c o a l  p a r t i c l e s  
t e s t e d .  Apparent d e n s i t i e s  were determined, a t  f i r s t ,  by water  displacement  
i n  a s p e c i f i c  g r a v i t y  b o t t l e .  The c o a l  powder w a s  weighed, v igorous ly  s t i r r e d  
with water  t o  thoroughly wet and release entrapped a i r ,  and t h e  d e n s i t y  d e t e r -  
mined. The o p e r a t i o n  could be c a r r i e d  ou t  i n  a few minutes  and i t  w a s  thought  
t h a t  i n  t h i s  time t h e  water would n o t  p e n e t r a t e  t h e  i n t e r n a l  p o r o s i t y  of t he  
c o a l  t o  any marked e x t e n t .  This  method gave r e p r o d u c i b l e  r e s u l t s  f o r  t h e  
l a r g e r  m e s h  f r a c t i o n s ,  but  i t  was found d i f f i c u l t  t o  w e t  and d e - a e r a t e  t h e  
f i n e  mesh f r a c t i o n s  (-200 mesh). Consequently, mercury d e n s i t i e s  w e r e  d e t e r -  
mined using a mercury porosimeter  ( 1 0 ) .  The p r e s s u r e  of mercury was increased  
u n t i l  t h e  r a t e  of e n t r y  of mercury dropped suddenly and f u r t h e r  p r e s s u r e  caused 
o n l y  a small  f u r t h e r  p e n e t r a t i o n .  The sudden chenge-point  was taken  a s  
e q u i v a l e n t  t o  t h e  geometr ic  dens i ty ,  and t h e  slow a d d i t i o n a l  p e n e t r a t i o n  as 
t h e  f i l l i n g  oE t h e  i n t e r n a l  pore system of t h e  p a r t i c l e s .  

Measurement of SurEace Area of Coal Fract ions--The s u r f a c e  a r e a s  of t h e  c o a l  
f r a c t i o n s  were determined us ing  t h e  Liquid p e r m e a b i l i t y  a p p a r a t u s  descr ibed  
by Lakhanpal, Anand and Puri (11) and shown i n  F i g u r e  1. A c o a l  sample was 
weighed and packed i n t o  tube A, be ing  suppor ted  by a t h i n  pad of  g l a s s  woo1 
over  the  c o n s t r i c t i o n  i n  the  tube .  The t i m e  t aken  for a g iven  volume of 
water  t o  flow through t h e  bed under t h e  mercury head w a s  noted,  as were t h e  
i n i t i a l  and f i n a l  mercury heads, s u i t a b l y  c o r r e c t e d  for  t h e  water p r e s s u r e  I 

head on  t h e  r i g h t  hand column of mercury, Al .  From t h e  weight  and d e n s i t y  of 
t he  coa l  sample, t h e  diameters  of t u b e s  A and C (de te rmined  by mercury cali-  
bra t ion) ,  t h e  length  of che bed, and t h e  v i s c o s i t y  of  water  a t  t h e  temperature  
o f  t h e  experiment ,  t h e  s u r f a c e  a r e a  of t h e  c o a l  i n  cm?per g .  of c o a l  was 
c a l c u l a t e d  from equat ion  (3a) .  

The method was found t o  b e  s imple and quick and t o  g i v e  good re- 
p r o d u c i b i l i t y . . T h e  major d i f E i c u l t y  w a s  found i n  o b t a i n i n g  a bed f r e e  from 
a i r  bubbles. When a i r  w a s  p resent ,  t h e  bed had a c h a r a c t e r i s t i c  mot t led  
appearance a t  t h e  s u r f a c e . o f  t h e  tube  and s u r f a c e  a r e a s  were both t o o  high 
and poor ly  reproducib le .  This  d i f f i c u l t y  was overcome by a l lowing  t h e  coal  



sample t o  soak i n  boi led-out  wa te r  f o r  an hour before  use, with f requent  
s t i r r i n g ,  and by packing t h e  bed wet. I f  t h e  coa l  w a s  w e l l  wet ted and packed 
under s u c t i o n  (from a wa te r  pump) w i t h  a cont inuous f low of boi led-out  water ,  
a i r  bubbles were not  found i n  t h e  bed. The bed w a s  k e p t  completely f u l l  of 
a i r - f r e e  water  a t  a l l  times dur ing  t h e  t e s t i n g .  

The instrument  was t e s t e d  by measuring t h e  s u r f a c e  a r e a  of a sample 
o f ' g l a s s  spheres  of s i z e  100-200 microns,  t h e  g l a s s  having a d e n s i t y  of 2.50 g . / c c .  
A microscope s i z e  count w a s  made on t h e  spheres  and t h e  s u r f a c e  a r e a  c a l c u l a t e d  
as  descr ibed  l a t e r .  
equa t ion  ( 3 )  of 4.75 ,  wi th  the va lues  from s i x  t e s t s  l y i n g  always w i t h i n  C6% 
of the  mean. Carman (12) reviews v a l u e s  of koq2 found f o r  spheres  and quotes  
va lues  from 4.5 t o  5.1,  w i th  a b e s t  v a l u e  of 4.8. The va lue  found was i n  good 
agreement wi th  t h i s ,  and i t  was concluded t h a t  t h e  appara tus  was working 
s a t i s f a c t o r i l y .  

Comparing t h e  two a r e a s  gave a mean f a c t o r  of koq2 i n  

THEORY 

S p e c i f i c  Surface  Area of Tes t ed  Mate r i a l - -The  s p e c i f i c  s u r f a c e  a r e a  of a coa l  
f r a c t i o n  was c a l c u l a t e d  from t h e  fo l lowing  formulae, which can be e a s i l y  derived. 

where d i s  t h e  s u r f a c e  a r e a  mean s p h e r i c a l  diameter  of t h e  m a t e r i a l  i n  
microns, So is t h e  s p e c i f i c  s u r f a c e  a r e a  i n  sq .  cm. per  of  m a t e r i a l ,  
koq2 is  a f a c t o r  which v a r i e s  w i t h  t h e  shape of t h e  pores  in t h e  bed, R i s  
t h e  r a d i u s  of tube A, R1 i s  t h e  r a d i u s  of tube C, 0 i s  t h e  p o r o s i t y  of t h e  
packed bed, q i s  the  v i s c o s i t y  o f  water ,  L is t h e  l e n g t h  of t h e  packed bed, 
21 and 22 a r e  the  p r e s s u r e  d i f f e r e n t i a l s  across  t h e  bed i n i t i a l l y  and f i  a l l y  
i n  cm. of mercury, and t i s  t h e  t i m e  of flow i n  seconds.  The f a c t o r  ko> i s  
4 f o r  c i r c u l a r  pores, 4.8 f o r  a bed composed of spheres  and 5 f o r  a bed composed 
of  i r r e g u l a r  p a r t i c l e s  (13).  It  should be noted t h a t  d i s  only an in te rmedia te  
s t e p  i n  t h e  c a l c u l a t i o n  of t h e  s u r f a c e  a r e a  So, and it is not necessary t o  
a t t a c h  any p a r t i c u l a r  phys ica l  s i g n i f i c a n c e  t o  i t .  
c a l c u l a t e d  because these  va lues  cou ld  b e  compared w i t h  t h e  nominal s i e v e  s i z e s  

of an u n s a t i s f a c t o r y  t e s t .  
but is a d i r e c t  measure of s u r f a c e  a r e a .  For t h e  i r r e g u l a r , p a r t i c l e s  of ground 
coa l ,  equa t ion  (3)  becomes 

However, v a l u e s  of d were 

' of  t h e  m a t e r i a l  t e s t e d .  These v a l u e s ,  consequent ly ,  gave a ready i n d i c a t i o n  
So i s  i n  no sense  a mean of determined dimensions 

I n  o r d e r  t o  t e s t  the accuracy of t h e  appara tus ,  t h e  s p e c i f i c  s u r f a c e  a r e a  O f  
a sample of g l a s s  spheres  w a s  determined by microscope measurement and by t h e  
pe rmeab i l i t y  method. The s p e c i f i c  s u r f a c e  a r e a  by microscope measurement was 
c a l c u l a t e d  by using t h e  fo l lowing  e q u a t i o n  

I 
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where d N i  i s  t h e  number f r a c t i o n  of  s p h e r e s  i n  t h e  microscope diameter  range  
bi  f d p .  
t i v e  number of  p a r t i c l e s  below diameter  vi a g a i n s t  vi2 and a g a i n s t  pi3 and 
f i n d i n g  t h e  a p p r o p r i a t e  a r e a s  under t h e  curves.  

b) C a l c u l a t i o n  of  area-to-volume shape f a c t o r s .  
The s p e c i f i c  s u r f a c e  a r e a s  per  cm;), So, of 10 s i e v e  f r a c t i o n s  Of 

a coal  ground according t o  t h e  s t a n d a r d  Hardgrove t e s t  (60 g r i n d i n g  r e v o h -  
t i o n s )  were determined.  A s  t h e  percentage  weight  of c o a l  i n  any f r a c t i o n ,  
Ap say, and t h e  d e n s i t y  p were known, t h e  s u r f a c e  a r e a  & of t h e  f r a c t i o n  was 
c a l c u l a t e d  from 

The i n t e g r a t i o n s  were performed g r a p h i c a l l y  by p l o t t i n g  t h e  Cumda- 

a s=  S O A P  
F- P 

The cumulat ive t o t a l  s u r f a c e  a rea ,  S, and cumulat ive weight  p were than 
c a l c u l a t e d  from 

When S was p l o t t e d  a g a i n s t  p on serni-log paper, i t  was found t h a t  a smooth, 
shal low curve  was obtained. Then 

and v a l u e s  o f  dS/d(log p) were obta ined  from t h e  s l o p e  of t h e  curve a t  any 
given v a l u e  of p .  
corresponding t o  weight  p i s  c l e a r l y  g iven  by 

The s p e c i f i c  s u r f a c e  a r e a  p e r  gram a t  a s i e v e  s i z e  p 

I f  pc: i s  t h e  d e n s i t y  o f ( c o a 1  of s i z e  p and t h e  shape f a c t o r  f o r  t h i s  s i z e  
i s  kb from equat ions  ( 7 )  and (2) 



' I  
It should be noted t h a t  $ is  t h e  shape f a c t o r  a t  s i z e  p and i s  not  a mean 
over  a range of s i e v e  s i z e s .  k i s  independent of t h e  s i z e  d i s t r i b u t i o n  of 
t h e  ground coal ,  whereas any mean va lue  of k would depend on t h e  s i z e  d i s -  
t r i b u t i o n  between the  s i e v e  s i z e s  averaged. 

u. 

RESULTS 

Table 1 gives  t h e  ana lyses  of t h e  c o a l s  used i n  t h e  t e s t s .  The 
f o u r  c o a l s  cover a range from low rank h igh  v o l a t i l e  sub-bituminous coa l  t o  
h igh  rank low v o l a t i l e  a n t h r a c i t e .  

F igu re  2 gives  t h e  v a r i a t i o n  i n  apparent  d e n s i t y  of t h e  ground 
c o a l s  w i t h  s i z e .  I n  genera l ,  t h e  va lue  of dens i ty  determined a t  a given 
s i z e  v a r i e d  about the mean l i n e  w i t h i n  a range of 239.. F o r t u n a t e l y ,  t h e  
v a l u e  of dS/dp i n  equat ion ( 6 )  is i n s e n s i t i v e  t o  small  changes i n  d e n s i t y .  
The e f f e c t  of dens i ty  is mainly t h e  d i r e c t  p r o p o r t i o n a l i t y  shown i n  equat ion  
( 8 ) .  The water dens i t ies ,where  determined, were equal  t o  t h e  mercury 
d e n s i t i e s  w i t h i n  the  l i m i t s  of accuracy of both methods. 

Table  2 gives  t h e  s ize /weight  d i s t r i b u t i o n  of t h e  four  c o a l s  
ground f o r  t h e  s tandard  60 r e v o l u t i o n s  and t h e  s p e c i f i c  s u r f a c e  a r e a s  of t h e  
ground f r a c t i o n s .  A t  l e a s t  t h r e e  a r e a  measureuents were made on each f r a c -  
t i o n ;  t h e  v a l u e s  obta ined  were always w i t h i n  23% of t h e  mean and were u s u a l l y  
w i t h i n  +l%. 

Figure  3 shows t h e  cumulat ive s u r f a c e  a r e a  of m a t e r i a l  l e s s  than 
30 mesh ( U . S .  s tandard  s i e v e )  p l 3 t t e d  a g a i n s t  t h e  pe rcen tage  weight unde r s i ze  
f o r  coal  B 1 9 4 2 6 .  S i m i l a r  curves  were ob ta ined  fo r  t h e  o t h e r  c o a l s  t e s t e d .  
The numerical values  of t h e  s i o p e  were used t o  o b t a i n  shape f a c t o r s  using 
equat ion  ( 6 )  and ( 8 ) .  Table 3 g i v e s  t h e  shape f a c t o r s  a t  v a r i o u s  micron s i z e s .  
Over t h e  s i z e  range i n v e s t i g a t e d  (approximately 40 t o  600 microns), t h e  shape 
f a c t o r  was found t o  be cons tan t  f o r  a g iven  c o a l ,  t h e  determined va lues  va ry ing  
randomly about t h e  mean w i t h i n  about  +4X. There were marked d i f f e r e n c e s  in 
t h e  shape f a c t o r s  f o r  t h e  four  c o a l s  i n v e s t i g a t e d ,  t h e  d i f f e r e n c e s  being 
cons ide rab ly  g r e a t e r  than can be exp la ined  on the  b a s i s  of  experimental  e r r o r s  
of t h e  v a r i o u s  de te rmina t ions  made. 

DISCUSSION OF RESULTS 

The v a r i a t i o n  of apparent  d e n s i t y  of coal w i t h  s i z e  a f t e r  gr inding  
is t o  be expected,  s i n c e  s t r o n g e r  m a t e r i a l  w i l l  tend t o  c o l l e c t  i n  t h e  c o a r s e r  
f r a c t i o n s .  The s t r o n g e r  m a t e r i a l  w i l l  u s u a l l y  be denser  s i n c e  i t  w i l l  c o n t a i n  
more mine ra l  mat te r  and denser ,  more c o a l i f i e d  coa l  p a r t i c l e s .  
i s  more marked f o r  t h e  weaker c o a l s  f o r  two reasons:  a) t h e r e  i s  a g r e a t e r  
d i f f e r e n c e  between t h e  hardness  of the  mine ra l  m a t t e r  and t h e  remainder of 
t h e  coa l  and b) th2 g r i n d i n g  has  proceeded t o  a more adGanced s t a g e  f o r  t h e  
weaker c o a l s  (a l though ground f o r  t h e  same number of r e v o l u t i o n s ) .  
c o n c e n t r a t i o n  o f  denser  m a t e r i a l  in t h e  coarse  f r a c t i o n s  i s  p a r t i a l l y  counter -  
a c t e d  by t h e  l a r g e r  s i z e  m a t e r i a l  having a g r e a t e r  p r o b a b i l i t y  of breakage (14) 

This  e f f e c t  

The 

It appears u n l i k e l y  t h a t  shape f a c t o r  is a f u n c t i o n  of t h e  degree of  
I f  i t  were, t h e  f a c t o r  g r i n d i n g  ( a t  l e a s t ,  over  t h e  s i z e  r ange  i n v e s t i g a t e d ) .  

I 
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would be expec ted  t o  vary  f o r  d i f f e r e n t  s i z e d  f r a c t i o n s  because t h e  f i n e r  
f r a c t i o n s  c o n t a i n  m a t e r i a l  which has  been broken s e v e r a l  times. It i s  pOs- 
s i b l e ,  however, t h a t  t h e  shape f a c t o r  v a r i e s  from one type  o f  g r i n d i n g  
process  t o  another .  

An examinat ion of S e y l e r ' s  c o a l  c h a r t  (15) i n d i c a t e s  t h a t  over most 
of t h e  c o a l  range,  an i n c r e a s e  of 1% i n  t h e  hydrogen content  of  a coa l  has  
an equiva len t  e f f e c t  on t h e  v o l a t i l e  m a t t e r  (dry  ash  f r e e )  o f  about  an 8.5% 
decrease  i n  carbon content ,  t h e  percentage  being expressed  on  P a r r ' s  b a s i s  
(16) .  Therefore ,  i t  i s  proposed t h a t  t h e  rank of  a c o a l  be expressed  by 

Rank Index = % - C  ( P a r r ' s  b a s i s )  - 8.5%H B r r ' s  b a s i s )  ( 9 )  

When t h e  v o l a t i l e  m a t t e r  c o n t e n t s  of  c o a l s  a r e  p l o t t e d  a g a i n s t  th i s  rank 
index, t h e  p o i n t s  have a cons iderably  reduced s c a t t e r  about  t h e  mean l i n e  
over t h a t  when percentage  carbon content  a lone  i s  used (17). This  i s  a l s o  
t r u e  when g r i n d a b i l i t y  i n d i c e s  a r e  p l o t t e d  a g a i n s t  t h e  proposed index  a s  
shown i n  F i g u r e  4 ( 1 6 ) .  F i g u r e  4 a l s o  shows t h e  shape f a c t o r s  of  t h e  four  
coa ls  t e s t e d  a s  a f u n c t i o n  of  t h e  rank index.  Although d e f i n i t e  conclus ions  
cannot be drawn from four  r e s u l t s ,  i t  seems probable  t h a t  t h e  v a r i a t i o n  i n  
shape f a z t o r  has  a s i m i l a r  r e l a t i o n  to  t h e  rank o f  t h e  c o a l s  a s  t h a t  found 
f o r  g r i n d a b i l i t y  i n d i c e s .  

The geometr ic  o r  hydrodynamic a r e a  obta ined  w i t h  t h e  l i q u i d  
permeabiLity a p p a r a t u s  should not be a f u n c t i o n  of t h e  chemical n a t u r e  o r  
roughness o f  t h e  p a r t i c l e  s u r f a c e  s i n c e  t h e  r e s i s t a n c e  to  f low i s  due t o  
the  i n t e r n a l  f r i c t i o n  of  t h e  l i q u i d .  A l s o ' t h e  mean f r e e  p a t h  of t h e  l i q u i d  
molecules is not  g r e a t  enough compared t o  t h e  f low pa ths  for t h e  phenomena 
of s l i p  t o  occur. Consequently, t h e  v a r i a t i o n  of  shape  f a c t o r  impl ies  t h a t  
c o a l s  f r a c t u r e  t o  d i f f e r e n t  mean shapes depending on t h e i r  rank.  A high shape 
f a c t o r  means t h a t  t h e  p a r t i c l e  i s  f laky ,  w h i l e  shape f a c t o r s  approaching t h e  
va lue  of s i x  imply t h a t  t h e  p a r t i c l e s  tend  towards s p h e r i c a l  or  c u b i c a l  
shapes.  Thus, on t h e  b a s i s  of our l i m i t e d  r e s u l t s ,  a n t h r a c i t e s  and low rank 
sub-bituminous c o a l s  have more f l a k y  p a r t i c l e s ,  whi le  t h e  more e a s i l y  broken 
bituminous c o a l s  tend  t o  have more r e c t a n g u l a r  shaped breakage products .  

I t  is p o s s i b l e  t h a t  shape f a c t o r s  a l s o  depend t o  a c o n s i d e r a b l e  
e x t e n t  on  t h e  p e t r o g r a p h i c  c o n s t i t u e n t s  of  t h e  c o a l s ,  s i n c e  it is  known thaf  
d i f f e r e n t  macera ls  have conchoidal ,  s p l i n t e r y ,  o r  i r r e g u l a r  breakage (18) .  

CONCLUSIONS 

The geometr ic-surface-area- to-volume shape f a c t o r  was found t o  
be cons tan t  f o r  a g i v e n  c o a l  over  t h e  s i z e  range  i n v e s t i g a t e d ,  approximately 
40 t o  600 microns.  I t  seems l i k e l y  t h a t  t h e  shape f a c t o r s  of  c o a l s  a r e  r e -  
l a t e d  t o  t h e i r  rank  i n  a s i m i l a r  manner t o  t h a t  of t h e i r  g r i n d a b i l i t y  ind ices .  
Shape f a c t o r s  were found t o  vary  from 7.2 f o r  a medium rank bituminous c o a l  
Q7.9% v o l a t i l e  m a t t e r ,  d .a . f . )  t o  9 . 4  f o r  a h igh  rank a n t h r a c i t e  (4.5%) and 
9.6  f o r  a low rank  sub-bituminous c o a l  ( 4 2 . 4 % ) .  
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TABLE 1 

Coal 

Const i tuent  

ANALYSES OF COALS USED 

B-19447 B-17790 B-19426 S t ,  Nicholas  A n t h r a c i t e  

As used,% A s  used,% As used,% As used,% 

Moisture  
Ash 
Carbon 
Hydrogen 
Nitrogen 
Sul fur  
Oxygen (by 

V o l a t i l e  Matter  
d i f fe rence)  

(D.A.P.) 

1-5 
16.5 
65.5( 83.5)* 
4.7(5.9)* 
1.1 
4.5 
6.2 

42.4 

0.8 
7.8 
78.8(87.6)* 
4.8(5.1)* 
1.5 
1.6 
4.7 

29.2 

p 

100 
75.26 
61.10 
26.98 
17.67 
10.78 
8.99 
7.23 
6.20 
5.03 
4.30 
3.20 

(-0.1) 

30 

0.5 
14.5 
75.2(90.6)* 
3.9(4.5)* 
1.5 
2.8 

2.6 

17.9 

S.N.A. 
so 

166 
211 
378 
552 
670 
786 
1000 
1156 
1398 
1717 

1.6 
9.3 
84.2(95.5)* 
2.4( 2.2)* 
0.85 
0.5 

1.1 

4.5  

100 
80.37 
73.13 
56.00  
47.45 
38.03 
34.81 
31.22 
28.29 
24.69 
22.48 
16.29 

0.83 

99 

*Parr's b a s i s  

132 
192 
296 
408 
502 
684 
744 
944 
1065 
1355 

TABLE 2 

SIZE-WEIGHT DISTRIBUTIONS AND HYDRODWAMCSURFACE AREAS OF SIEVE FRACTIONS 
FOR COALS GROUND ACCORDING TO THE STANDARD HARDGROVE TEST 

%Weight  l o s t  on 

Mean Hardgrove 

gr inding  

Index 

B-17990 B-19426 
I P Is0 P I so 

Sieve Range . S. S t anda rd  Mesh 

o.66 

52 

I 
16 x 30 
30 x 35 
35 x 50 
50 x 70 
70 x 100 

100 x 120 
120 x 140 
140 x 170 
170 x 200 
200 x 230 
230 x 325 
Minus 325 

100 
64.25 
54.05 
35.55 
27.02 
18.48 
16.89 
14.63 
12.95 
11.17 
9.82 
7.94 

r I 

178 
235 
403 
565 
710 
865 
1001 
1171 
1403 
1730 

100 
79.97 
71.78 
54.06 
44.78 
35.62 
32.78 
28.78 
25.95 
22.26 
20.26 
11.14 

0.72 

93 

138 
217 
30 7 
439 
598 
714 
948 
1036 
1235 
1635 

*p I by weight below upper s i e v e  s i z e  
*so = Surface  a r e a  per  uni t  volume of coal in s i z e  range given, m?/cm? 
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B-19426 

SURFACE AREA M VOLUME SHAPE FACTORS FOX COALS 
GROUND ACCORDING TO STANDARD HARDGROVE TEST 

St. Nicholas 
Anthrac i t e  - 

* 
tL 

47.5 

62 

74 

aa 
105 

125 

138 

220 

29 7 

500 

590 - 

dS 
dP 

1240 

900 

a09 

632 

535 

486 

357 

250 

173  

100 

87.7 

B-19447 

I 

dS 
k u  - dP 

7 . 1  47 .5  1340 

7 . 3  62 995 

7 . 3  74 850 

7 . 3  aa 690 

7.4 105 591 

7.2 125 475 

7.1 149 406 

7 .2  216 286 

7.1 297 201 

7.1 500 113 

7.35 590 101 

4 4  

6 2  

74 

aa 

1 2 5  

105 

149 

220 

297 

500 

590 

Mean k 1 9 . 6  

dS 
p d p  

1420  

1040 

a50 

726 

480 

610 

396 

268 

1 9 7  

1 2 8  

104 

B-17990 

- dS ** 
dP 

1421 

1124 

935 

782 

678 

565 

497 

338 

230 

140 

i i a  

kM* 

9.6 

9.6 

9 . 5  

9 .5  

9.8 

9.7' 

9 .6  

9 . 8  

9 . 4  

9.6 

9.6 

k 

7.9 

8.1 

8.0 

8.0 

a. 2 

7 .8  

8.0 

8.0 

8 . 3  

7.9 

7.9 

8.0 

- 
w - 
44 

6 2  

74 

a8 

105 

1 2 5  

149 

21 0 

29 7 

500 

590  - 

* 
i s  sieve s i z e  i n  microns 

- 
k 
- 
9 . 6  

9 . 4  

9 . 6  

9 . 3  

9 . 5  

9 . 2  

9 . 4  

9 . 4  

9 . 3  

8.9 

9 . 3  - 
9 . 3  - 

2 
M 

9 i s  the s p e c i f i c  s u r f a c e  area i n  cm. per  g. a t  s i z e  IJ. 

k 

dp 
m 

is volwue-to-surface area shape f a c t u r  
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io 100 

Cumulative Percentage Weight Undersize 

Fig. 3. CUMULATIVE SURFACE AREA AGAINST PERCENTAGE UNDERSIZE 

FOR COAL 6-19426 GROUND ACCORDING TO STANDARD HARDGROVE TEST 
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Rank Index = YO Corbon - 8.5% Hydrogen (Parr's Basis1 
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Fig. 4. GRINDABILITY INDEX AND SHAPE FACTOR 
AS A FUNCTION OF COAL RANK. 


